Ajowan is a popular spice that is used in folk medicine in Algeria. Most studies reported that thymol is the main component of the seed oil. Isothymol was reported to be a constituent of essential oil isolated from aerial parts. Using plants harvested in five different locations in north western Algeria, every two weeks during the flowering stage, we demonstrated that isothymol was the major component when the plant was collected near the sea at low altitude and at the beginning of the flowering stage. In other cases, thymol is the predominant constituent. The genus Ammoïdes (Apiaceae) is represented by two species: A. atlantica (Coss. et Dur.) Wolf. and A. verticillata (Desf.) Briq. [1]. The second species, known as 'ajowan', is botanically named under numerous synonyms: A. pusilla (Brot.) Breistr.; Carum ammoides (L.) Ball; C. copticum (L.) Benth. & Hook.; Petroselinum ammoïdes (W. D. J. Koch) Rchb.f.; Ptychotis ammoïdes (L.) Koch; Ptychotis verticillata Desf. ex. Duby; Trachyspermum ammi (L.) Sprague ex. Turrill.; and T. copticum (L.) Link.
Ajowan is an annual herb, 30-70 cm high, bearing feather-like leaves and white flowers that look like umbels. The small, brownish seeds are ovoid when mature, tasting bitter. Ajowan grows wild in Mediterranean Europe, North Africa and Egypt, as well as in North Asia (Iran), and the Indo-Pakistani subcontinent. The plant is cultivated essentially in Egypt, Iran and India. It is used as a spice in certain areas of Asia. When crushed, the seeds have a strong thyme-like fragrance. They are used as adjuncts for flavouring food and as preservatives in beverages. Ajowan seed has been popular since ancient times for its use in folk medicines [2] . Essential oil may be isolated from various parts of the plant: aerial parts, leaves, flowers and seeds (fruits). Seed oil is used either as a condiment or as a spice; it is considered as an antiseptic agent and as a good expectorant. It exhibits antibacterial and antioxidant activities. Thymol, the major component of the seed oil, is responsible for its pharmacological properties and it also determines the oil's odour and flavour characters. Indeed, ajowan seed oil is known to be a source of natural thymol, which easily crystallizes from the oil [2] . The oil exhibited a broad spectrum of fungitoxic behaviour against fungi [3] . The composition of the seed oil was extensively investigated and the results were reviewed by Lawrence [4] [5] [6] [7] . Shortly, the composition is dominated by thymol, accompanied by γ-terpinene and/or p-cymene, although it has been suggested that p-cymene may be partly an artefact of distillation [8] . The content of thymol varies drastically from sample to sample (61.3-36.5% oils from Egypt, Turkey, Iran, India, Pakistan and Australia) [4] [5] [6] [7] [9] [10] [11] . The content of thymol may be increased by extraction with supercritical CO 2 [5, 12] or by solvent free microwave extraction [13] . In contrast to the previous reports, carvacrol-rich ajowan seed oils were mentioned from Ethiopia (69.0%) [6] and India (45.2%) [14] . Surprisingly, a completely different composition was reported for an oil sample isolated from fresh seeds of ajowan collected in northeast India, carvone (46.2%) and limonene (38.1%) being by far the major components [15] . The composition of oil isolated from aerial parts of ajowan is less well documented. An oil sample from Iran contained thymol (37.2 %), p-cymene (32.3%) and γ-terpinene (27.3%) as major components NPC Natural Product Communications 2010 Vol. 5 No. 7 1107 -1110 [16] . Conversely, various oil samples were previously reported to contain mostly γ-terpinene (55.2-64.1%) and p-cymene (16.4-20.1%), while the content of thymol (6.0-10.5%) was significantly lower [5] .
According to the literature, it appears that ajowan seed oil is a rich source of natural thymol and, therefore, in various countries (India, Pakistan, and Egypt) it is cultivated for that very purpose. However, the percentage of thymol varies drastically and compositions dominated by other components have been reported. Moreover, the chemical composition of the oil depends on the developmental stage of the plant. The content of thymol was increased in ripe fruit (41.0-44.0%) compared with unripe fruit (33.2-40.3%), while the inverse situation was observed for p-cymene and γ-terpinene [5] .
Concerning ajowan growing wild in Algeria, aerial parts harvested at the full flowering stage near Setif, eastern Algeria, yielded an essential oil dominated by thymol (44.5%) and γ-terpinene (32.9%). p-Cymene (13.5%) and methyl thymol (7.5%) were also present in appreciable amounts. As expected, this oil exhibited a good antimicrobial activity [17] . Conversely, aerial parts (leaves and flowers) of ajowan collected near Oran, western Algeria, exhibited a very unusual composition. Isothymol was by far the major component (51.2%), accompanied by p-cymene (14.1%), thymol (13.0%), limonene (11.9%) and γterpinene (6.8%) [18] . According to Lawrence [7] , it is worth noting that this oil is the richest source of naturally occurring isothymol that has been found.
In the course of our on-going work on the characterisation of aromatic and medicinal plants from Algeria through the chemical composition of their essential oils, the aim of this work was to obtain a better insight into the presence of isothymol in ajowan oil. Isothymol, like thymol itself, exhibited very significant antibacterial and antifungal activities [19] .
Aerial parts of ajowan were collected from five different locations ( The yield of essential oil isolated by hydrodistillation varied from 2.1-2.9% for samples 1 (beginning of flowering) to 3.0%-5.4% for samples 2, 3 and 4 (full and end of flowering). Analysis of the twenty oil samples was carried out by GC in combination with retention indices and by 13 C NMR spectroscopy ( Table  1 ). The spectra of thymol and isothymol are fully differentiated and there is no doubt about their identification. Three behaviors may be distinguished: -In locations C and D, thymol (35.6-44.7% and 32.8-46.8%) was the major component throughout the flowering stage of the plant. The contents of p-cymene (8.7-15.2% and 11.0-13.0%), limonene (18.2-29.8% and 18.6-24.8%) and γ-terpinene (9.6-17.0% and 11.8-15.3%) either varied slightly or substantially depending on the sample and the component. Isothymol was present in appreciable amounts (3.4-12.4% and 3.5-9.4%).
-In location E, thymol was again the major component at the full flowering stage, and at the end of flowering (46.0-57.6%) while it accounted for only 30.9% at the beginning of flowering. Conversely, γterpinene exhibited the inverse behavior. It reached 50.0% at the beginning of flowering, but accounted for 20.4-31.7% at full flowering and end of flowering. The Isothymol in ajowan essential oil Natural Product Communications Vol. 5 (7) 2010 1109 content of p-cymene (9.1-11.8%) was similar to that observed for locations C and D. The content of limonene (0.2-8.0%) was lower than that previously observed. Isothymol accounted for only 0.3-4.1%.
-Conversely, in locations A and B, isothymol (34.8 and 40.2%) was the major component at the beginning of the flowering stage, much more important than thymol (5.8 and 1.7%). Later, at the full flowering stage, the content of isothymol decreased, while the content of thymol increased. Finally, at the end of the flowering period, thymol was by far the major component (56.2%) in location A, while its content was comparable with that of isothymol (23.5% vs. 26.2%) in location B.
According to our results with ajowan plants harvested in north western Algeria, the following scheme could be drawn: -Isothymol is produced in the aerial parts of ajowan and is the major component (up to 40%) of the essential oil when the plants were harvested near the sea at 50-100 m above sea level. It is present in appreciable amounts (3.4-12.4%) in plants growing wild at 150-380 m altitude, located at 13-18 km from the coast, and finally, it is present in low amounts (0.3-4.1%) near Tlemcen, 60 km from the sea, at an altitude of 1100 m; -When present in considerable amounts (locations A and B), the highest content of isothymol was observed at the beginning of flowering;
The results confirmed that ajowan essential oil isolated from aerial parts exhibited a chemical variability comparable with that of seed oil, recently reported [10] .
Experimental
Plant material and oil isolation: Ajowan plants were collected from 5 locations in north-western Algeria: Oulhaça and Béni-Saf (Samples A and B, both in the Aïn Témouchent area, littoral, altitude 50 and 100 m above sea level); Pierre du Chat (Sample C, Tlemcen area, 13 km from the sea, 60 km west of Tlemcen, altitude, 380 m); Maghnia (Sample D, Tlemcen area, 18 km from the sea, 30 km north of Tlemcen, altitude , 150 m); and Terni (sample E, Tlemcen area, 60 km from the sea, 17 km south of Tlemcen, altitude, 1100 m). In every location, the aerial parts (leaves, stems and flowers) were collected every 2 weeks, in May and June 2009 during the flowering period (from the beginning to the end). Aerial parts were dried for 8-15 days, until no further loss of weight was observed. Dry material (100 g) was subjected to hydrodistillation for 2.5 h, using a Clevenger-type apparatus. All the samples (5 x 4 = 20 samples) were submitted to GC (with retention indices being determined) and 13 C NMR spectroscopic analysis.
Analytical GC: GC analysis was carried out with a Perkin-Elmer Autosystem apparatus equipped with 2 flame ionisation detectors (FID) and fused capillary columns (50 m x 0.22 mm i.d., film thickness 0.25 µm), BP-1 (polymethylsiloxane) and BP-20 (polyethylene glycol). Carrier gas, helium; linear velocity, 0.8 mL/min. The oven temperature was programmed from 60°C to 220°C at 2°C/min and then held isothermal (20 min). Injector temperature was 250°C (injection mode: split 1/60). Detector temperature: 250°C. The relative proportions of the essential oil constituents were expressed as percentages obtained by peak area normalization, all relative response factors being taken as one.
13
C NMR spectroscopic analysis: All NMR spectra were recorded on a Bruker AVANCE 400 Fourier Transform spectrometer operating at 100.13 MHz for 13 C, equipped with a 5 mm probe, in CDCl 3 , with all shifts referred to internal tetramethylsilane (TMS). 13 C-NMR spectra were recorded with the following parameters: pulse width (PW), 4 µs (flip angle 45°); acquisition time, 2.7 s for 128 K data table with a spectral width (SW) of 24,000 Hz (240 ppm); CPD mode decoupling; digital resolution 0.183 Hz/pt. The number of accumulated scans ranged between 2000 and 3000 for each sample, depending on the amount of oil available (40-60 mg in 0.5 mL of CDCl 3 ).
Identification of components:
Identification of the individual components was based: (i) on comparison of their GC retention indices (RI) on apolar and polar columns, determined relative to the retention times of a series of n-alkanes with linear interpolation ('Target Compounds' software of Perkin-Elmer), with those of authentic compounds, and with literature data (isothymol), (ii) by 13 C NMR spectroscopy, following a computerized method developed in our laboratories, using home-made software, by comparison of the chemical shift values of the signal in the oil spectrum with those of reference compounds compiled in a laboratory-built library [20] [21] [22] . Each component accounting for at least 0.3-0.4% of the oil was identified by 13 C NMR. Isothymol was identified by comparison of its 13 C NMR spectral data with those reported in the literature [19] . 
